The Indian short-nosed fruit bat (Cynopterus sphinx) is thought to use a resource-based polygynous mating system. Breeding colonies typically consist of a few harems with 1 or more solitary males nearby. Essential to understanding the mating system of C. sphinx is identification of the reasons for solitary roosting behavior in adult males. In this study, we attempt to elucidate the impetus behind solitary roosting by investigating the following 2 questions: Are solitary males less competitive and so remain isolated from breeding activities? Are trees and foliage suitable for tent-making a scarce resource? We carried out weekly censuses and mark-recapture studies from January to December 2000. We assessed impact of available resources on roosting patterns of adult males. Examination of our results suggests the following about the mating system of these bats. Female aggregation in C. sphinx cannot be attributed to scarce resources. Morphological variables did not differ between harem and nonharem males. Approximately 50% of nonharem males had scrotal testes. These results suggest that nonharem males are reproductively active, gain access to females, and presumably obtain some reproductive success.
Male reproductive success in polygynous mammals is largely attributed to the spatial and temporal patterns of female aggregation (Bradbury and Vehrencamp 1977; Clutton-Brock 1989; Emlen and Oring 1977) . Aggregations of receptive females are dependent on variation in resource distribution, predation pressure, costs of social living, and activities of males (CluttonBrock 1989) . Hence, resource distribution is one of the major factors affecting mating success of resource-based polygynousmating animals. When males control access to resources that females require for reproduction (resource-defense mating systems- Bradbury and Vehrencamp 1977; Emlen and Oring 1977) , females ought to choose mates indirectly by mating with males who defend the highest-quality resources. Because potential mates can be expected to differ genetically, females also ought to choose males who will make the greatest genetic contribution to the fitness of their offspring (Christy 1983) .
Within the order Chiroptera, resource-defense polygyny is a commonly observed mating pattern (Altringham 1996) . Bats establish a harem by defending critical resources such as food, shelter, or mates (McCracken and Wilkinson 2000) . Modification of foliage into the form of a tent is but 1 form of resource. Tent-making behavior has been observed in at least 15 species of bats, including Uroderma bilobatum (Timm and Clauson 1990; Timm and Lewis 1991) , Ectophylla alba (Brooke 1990) , Vampyressa nymphaea (Brooke 1987) , Artibeus jamaicensis (Kunz and McCracken 1996) , and Cynopterus sphinx (Balasingh et al. 1995) .
Cynopterus sphinx is one of the Old World bats distributed widely in the Indian subcontinent (Storz and Kunz 1999) . C. sphinx is a polygynous-mating bat and also has a polyestrous reproductive cycle with 2 well-defined and highly synchronous parturition periods per year (Krishna and Dominic 1983; Sandhu 1984; Sreenivasan et al. 1974) . These bats occupy a wide diversity of diurnal roosts and are known to alter different types of foliages to create tents (Balasingh et al. 1993 (Balasingh et al. , 1995 Bhat 1994; Bhat and Kunz 1995; Goodwin 1979; Kunz et al. 1994; Storz et al. 2000a Storz et al. , 2000b . Although different types of altered plant structures are referred to as bat tents (Kunz 1982; Kunz et al. 1994; Timm 1987) , the 1st account of tentmaking by a male bat came from observations on C. sphinx (Balasingh et al. 1995) . Defense by adult males of such tents against other males thereby enables copulation with a large number of females and is the primary mating strategy adopted by C. sphinx. However, in addition to such successful males, a number of adult males also have been observed roosting solitarily (Storz et al. 2000b ).
A recent study by Storz et al. (2001) indicates that during the dry season, the spatial dispersion of females tends to be clumped because of limited roosting sites, and as a result, harem males sire 96% of offspring. By contrast, because of availability of more roosting sites in the wet season, harem males sire only 40% of offspring. This indicates that ''other'' males including nonharem males sire nearly 60% of offspring. However, the role of nonharem males as probable fathers has not been examined. For the present paper, we carried out a mark-recapture study on nonharem male C. sphinx. We also consider the impact of the resource itself (i.e., available sites for tent-making) on mating strategies and the mating status of solitary adult males in a population of C. sphinx.
MATERIALS AND METHODS
Study area.-We conducted this study from January to December 2000 over 2 breeding seasons in and around Palayamkottai, Tamil Nadu, South India (88449N, 778429E). This area is situated in the southeastern plains of peninsular India in the rain shadow region of the Western Ghats mountain range encompassing 68.38 km 2 . Within the study area, we mainly concentrated on 4 sites, which had most roosting resources for bats. Each site measured approximately 0.1 km in diameter and was separated by a minimum of 1 km from the closest site. The maximum distance between the sites was about 50 km. This study area is characterized by semiarid tropical scrubland and thorn forest (Mani 1974) . C. sphinx is known to construct tents from the leaves of several tree species found in this habitat (Balasingh et al. 1993 (Balasingh et al. , 1995 .
Sampling method.-Because we were studying the mating status of solitary males, bat captures were confined to day-roosting places. Captures at roosting places indicated whether a male was a solitary or harem male. Within the study area, the foliage of Polyalthia longifolia (mast tree) and Borassus flabellifer (palm tree) were the major potential roosting sites (Balasingh et al. 1995; Gopukumar et al. 2003; Storz et al. 2000a) . Each week, we inspected these trees and censused day roosts regardless of the number of incumbents (solitary or harem). We spent 528 h searching trees in the study area and in total 1,400 trees were scrutinized. Each tree was observed for about 20-30 min. Roosting groups with a single adult male with 1 or more adult females were harems (McCracken and Wilkinson 2000) . Bats were captured just before emergence with the help of a hoop net attached to an extendable aluminum pole. After every capture, all bats were held in a net cage. A spring balance (Avinet-Dryden, New York, New York) was used to determine body mass, and Vernier calipers were used to measure forearm length. Mean forearm length and mean body mass of harem males and nonharem males were compared by testing the equality of vector means with Hotelling's T 2 -test (Gilsanz et al. 1997; Harris 1995) . Eighty-seven harem males and 57 nonharem males excluding recaptures were used for the analysis.
We classified adult bats as belonging to 1 of 5 age categories based on tooth-wear of upper canines. Bats with sharp-tipped, curved upper canines were assigned a minimum score of T1, whereas bats with canines worn to the gumline were assigned the maximum score of T5 (Anthony 1988) . Reproductive condition of nonharem males was assessed by whether testes were abdominal or scrotal. We compared the number of harem males with scrotal testes against the number of nonharem males with scrotal testes with a chi-square test (Storz et al. 2000a ). The availability of potential tree roosts to nonharem males during the dry season (March-June) was assessed by determining the proportion of potential tree roosts at 4 sites (St. John's College, Bishop Stowe, Veeravanallur, and P. N. farm house). We located a potential tree roost by looking for accumulation of rejected fruits, leaf pellets, seeds, and cut branches of leaves under trees, especially palm tree and mast tree. Mast tree was the predominant tree species near St. John's College and Bishop Stowe and the remaining 2 sites were dominated by palm tree.
Captured bats were marked with a color-coded bead necklace. Ten colored beads were used for marking the bats, with each color denoting a number from 0 to 9. Balasingh et al. (1992) 1st introduced this type of tagging. Since then we have used it for various studies and have observed no apparent detrimental effects on bats. After marking bats, all individuals were released at the site of capture. These necklaces allowed us to identify individuals and determine their past roosting locations. A detailed mark-recapture study was carried out to evaluate the roosting patterns, movement, and status (harem male or nonharem male) of adult males through weekly census. We followed American Society of Mammalogists guidelines (Animal Care and Use Committee 1998) while conducting this study.
RESULTS
Over the course of our survey, we censused 229 day roosts. A total of 621 bats (173 adult males, 304 adult females, 57 young; 67 juveniles, and 52 subadults) were found in these day roosts. We tried to capture all bats in a harem. In some capture attempts (n ¼ 18 harems), 1 or more bats escaped and those harems were not included in our analysis.
The average harem size of C. sphinx was 3.04 6 2.57 SD adult females (n ¼ 100 harems). Almost 40% of harem males were found to be roosting with a single female (n ¼ 39). The largest harem contained 21 adult females. A detailed analysis of harem size showed 2 peaks, the 1st in April (6.66 6 5.28 SD, n ¼ 24) and the 2nd in November (4.8 6 3.1 SD, n ¼ 37).
Male C. sphinx can maintain year-round harem (Storz et al. 2000b) . Therefore, any solitary adult male was considered a nonharem male. Seventy-three solitary males were captured and marked. Eight of the 73 solitary males were subadults. Therefore, only 65 solitary males were considered nonharem males. Most (96%) of the nonharem males were captured in places adjacent to 1 or more harems (,2 m). At each of the 4 sites, we found the number of potential roosting sites to be higher than the number of solitary adult males (Table 1 ). Hotelling's T 2 -test indicated that mean forearm length (68.4 mm 6 2.7 SD) and body mass (47.1 g 6 3.9 SD) of harem males were not significantly different from forearm length (68.2 6 2.1 mm) and body mass (45.8 6 3.8 g) of nonharem males (F ¼ 2.53,
Nonharem males were observed throughout the year, but capture rates were greatest during August, September, and October (wet season) in contrast with the lower number of nonharem males captured in the dry season (Fig. 1) . Examination of tooth-wear class data showed that 87.6% of nonharem males belonged to classes T1 and T2 and the remaining 12.3% belonged to classes T3 and T4. Out of 100 harem males, nearly 97% of males were assigned to tooth-wear classes T2 and T3 (Fig. 2) . The chi-square test to assess the degree of tooth-wear and harem holding suggests that harem holding significantly varies with degree of tooth-wear (v 2 ¼ 25.67, d.f. ¼ 1, P , 0.001). Assessment of reproductive condition of harem males and nonharem males revealed that development of scrotal testes could not be attributed only to harem males. Of 65 nonharem males, 32 nonharem males (49.2%) had scrotal testes. Proportion of harem and nonharem males with scrotal testes showed no significant difference (v 2 ¼ 1.342, d.f. ¼ 1, P . 0.05). Of the 621 C. sphinx, only 61 bats (9.8%) were recaptured (35 adult females, 21 adult males, 4 subadult females, and 1 subadult male). The 4 subadult females, originally found roosting separately, had become part of a harem when recaptured. Similarly, a solitary subadult male 1st captured in a frond adjacent to a harem in a palm tree was recaptured 9 months later as an adult harem male occupying the roost originally occupied by the harem. Eight solitary adult males held harems in subsequent recaptures (Table 2 ). Among these, bats 2, 7, and 8 obtained harem male status quickly. Bat number 2 became a harem male with 9 females within a period of 7 days. Bat 2 originally was roosting in a palm grove. Bat 7, roosting in a palm frond, became a harem male with 8 females within a period of 17 days. Similarly, bat 8, roosting in a mast tree, became a harem male with 12 females within 23 days.
DISCUSSION
One of the striking features of tent-making male bats is that most presumably use tents as a resource to recruit large numbers of females and copulate with them (Brooke 1987 (Brooke , 1990 Kunz and McCracken 1996; McCracken and Wilkinson 2000; Timm and Clauson 1990; Timm and Lewis 1991; ) . Although experimental evidence supporting causal factors for resource-defense polygyny is lacking, scarcity of resources is thought to be one of the factors for aggregation of females (Lundberg and Gerell 1986; Storz et al. 2001 ). An obvious consequence of resource-defense polygyny is the solitary roosting by some adult males because of their failure to defend a resource. We studied this central premise of resource-defense polygyny in C. sphinx. Examination of our results suggests that there was not a shortfall of potential roosting sites and that solitary males did not remain reproductively inactive. Similar results have been reported in Jamaican fruit-eating bats (A. jamaicensis- Arita 1999, 2000) .
The present study reveals that male success in female recruitment was not due to shortage of tent-roosting resources such as partially enclosed cavity structures constructed by C. sphinx in mast tree and palm tree. Therefore, acquiring a harem of its own by defending a day roost would be the profitable strategy for any male to maximize its fitness. Instead, nearly 39% of adult males were found roosting alone, which makes it highly unlikely that these males kept themselves away from breeding activities. This view was based on roosting pattern of .90% of nonharem males adjacent to harems and that 50% of nonharem males had scrotal testes. Furthermore, markrecapture study showed that in some cases transition of males from non-harem to harem male status was so fast it indicates that solitary males were actively involved in male-female interactions and presumably mating. One bat (bat 2) in particular, was able to recruit 9 females within a period of 7 days. The intriguing part is the probable way by which a nonharem male could have succeeded in recruiting females. It may not be possible for a male to succeed in mating in such a short time if it follows the primary strategy involving construction, maintenance, and defense of tents leading to female recruitment. Completion of a well-constructed tent demands a large time and energy investment from males. Balasingh et al. (1995) observed a male C. sphinx in the act of tent-making in Vernonia scandens and suggested that it took nearly 50 days for a male to construct and complete a tent by chewing and severing more than 300 separate stems. Against this background, the way a harem male tolerates an interloper's interference is difficult to understand.
The mode of attaining harem male status differs from species to species. A size-based hierarchy was observed in A. jamaicensis (Ortega and Arita 1999) , Saccopteryx bilineata (Voigt 2002) , and Phyllostomus hastatus (Kunz et al. 1998) . Our efforts to identify morphological differences between harem males and nonharem males were not supported because we did not find substantial differences in the forearm length and body mass. However, the tooth-wear class data show that most of the adult males in the T3 tooth-wear class were harem males. Those with T1 tooth-wear were found to be exclusively in the nonharem male group. Therefore, intense competition for mates appeared to take place among 1st-time breeders. This is evident from the observation that nearly 50% of males in toothwear class T2 were harem males, whereas the remainder were nonharem males. Our results suggest that harem and nonharem males differ slightly in age.
Because of the intense competition for mates in a polygynous mating system, only territory and resource holders typically have a higher reproductive success than those males without territories. Many females are monopolized and probably fertilized by territory holders (Dewsbury 1982) . The nonterritorial holders often have developed alternative mating behavior either as satellites (Emlen 1976; Hogan-Warburg 1966; Howard 1978; Perrill et al. 1978; Wirtz 1982) or as sneakers (Clutton-Brock et al. 1979; Gross 1982; Le Boeuf 1974) . Similarly, among polygynous bats such as P. hastatus (McCracken and Bradbury 1977) , Desmodus rotundus (Wilkinson 1985) , and S. bilineata (Heckel et al. 1999) , incomplete monopolization of females by harem males has been observed. The incomplete control of harem males over harem females increases the chances for nonharem males to fertilize some of the females. However, Storz et al. (2001) reported that the modus operendi of nonharem males gaining access to harem females was not clearly known to determine the ''alternative strategy.'' In a recent paper, Heckel et al. (1999) stressed the importance of female choice, especially in highly mobile animals with a harem system. Our recent radiotelemetry studies lend support to the view of Heckel et al. (1999) . One of us (KS) observed 3 postpartum estrus females (C. sphinx) belonging to a harem visit a nonharem male exclusively during the night hours and engage in mating.
Cynopterus sphinx has 2 well-defined parturition periods per year (Krishna and Dominic 1983; Sandhu 1984; Sreenivasan et al. 1974) . Paternity assessment of harem males showed a huge difference between these 2 parturition periods (Storz et al. 2001) . The authors attributed this difference to the availability of roosting sites associated with seasons. The present survey also showed that average harem size was slightly higher in the dry season than in the wet season. However, we found little correlation between harem size and availability of roost sites. In the study area, mast trees and palm trees were the most abundant bat roosting trees in both wet and dry seasons. This conclusion is based on our observation that in our yearlong survey, we seldom observed a shortage of roost sites with respect to seasons, and more than 90% of day roosts we censused remained occupied by C. sphinx throughout the year. Similarly, food resources in the area also were reported to be too vast to influence harem size (Nathan 2001) .
Frequency of nonharem males was highest in July and August. One probable reason may be the timing of sexual maturity of young males. Although no reports have been made on timing of sexual maturity of young male bats in southern India, reports from central India suggest that males born in the June-July parturition and February-March parturition were able to mate in September-October of the following year (Sandhu 1988) . In that case, the relatively high number of nonharem males censused from August to October in the study area can be attributed to the competition among 1st-time breeding males to establish a day roost to recruit females before securing mating in October-November. Although the high clustering of females in confined roosting places appears to facilitate resource-defense polygyny in C. sphinx, recent results showed the failure of harem males in the exclusive defense of harem females. Taken together with the present results of reproductively active nonharem males, it seems that the solitary nature of some adult males in the population of C. sphinx may not be a forced option. However, whether it is a strategy to usurp mating opportunities from harem males deserves further investigation.
